Abstract: Nivation and cryoplanation are deeply entrenched and widely invoked morphogenetic concepts within periglacial geomorphology. However, given their complexity and purported significance in landform development, neither has received the scientific scrutiny merited. Nivation is generally associated with the weathering and mass movement processes stemming from late-lying seasonal snow and the ensuing landforms. As a process suite it invokes mechanisms such as freeze-thaw weathering and solifluction. Cryoplanation also invokes a process suite, but one that also embraces nivation. Research in the last two or three decades has begun to provide a much sharper definition of nivation, but the available information is still inadequate for a central mechanism in periglacial landscapes. Cryoplanation is used to explain some benches, terraces and pediments that appear to be widespread in some periglacial environments: however, substantive field research on the mechanisms involved is all but absent. A case is presented for viewing nivation and cryoplanation as a single process spectrum much in need of state-of-the-art research.
meability produced by the presence of permafrost. Furthermore, some periglacial microenvironments are also strongly influenced by the phase change of ground and soil moisture associated with freezing and thawing. Viewing periglacial geomorphology primarily from a moisture-temperature perspective, as opposed to the traditional temperature-dominated one, provides a more appropriate conceptual linkage between it and the remainder of geomorphology. An additional, essential step is to examine ground moisture and temperature regimes directly, rather than the associated air climates. The latter are more easily investigated than the former, but are misleading: perhaps nowhere more so than in periglacial environments.
Acceptance of the perspective sketched in the preceding paragraph necessarily highlights the periglacial processes derived from snow-derived moisture, as well as the potentially ensuing landforms. Significant components of such a view already exist, in the form of the traditional periglacial concepts of nivation and cryoplanation, although both are severely debilitated by fuzzy conceptualization, inconsistent usage and a lack of telling fieldwork given their near-100 year longevity. This paper attempts to build upon Thorn (1988) and Hall (1998) while also embracing fieldwork conducted in recent years. The paper is unashamedly skewed towards conceptual issues because they create the framework that steers meaningful fieldwork. This is a particularly important point with respect to nivation and cryoplanation because much (most) published work is founded upon unquestioning acceptance of the process concepts invoked originally and centred upon a (pre)determination to see or find their products in the landscape.
The approach we advocate is splendidly presented by Platt (1964) . Platt suggested that some scientific disciplines advance much more rapidly than others and he sought to explain why. His conclusion was that 'strong inference' plays a central role in the successful disciplines. He identified the central elements of strong inference to be: (1) creation of alternative hypotheses; (2) creation of a crucial experiment that will exclude one or more hypotheses; (3) execution of a 'clean' experiment; (4) recycling this procedure to refine results. While Platt's ideas are not foolproof, he raises many substantive issues: not least among them in the context of nivation and cryoplanation is the notion that good ideas are worth challenging. It is the challenge that improves and refines them. By contrast, the ready acceptance and unquestioning application of seemingly self-evident truths fosters poor science and slows scientific progress. Acceptance of Platt's ideas forms the perspective from which we view nivation and cryoplanation, potentially central concepts in periglacial geomorphology, and consequently worthy of being challenged.
II Nivation

A short history
The initiating and defining article for nivation is that of Matthes (1900) , while Thorn (1988) provides a comprehensive review of the research themes and associated problems stemming from the approximately 90 years of usage of the concept. Although Matthes provides a stimulating set of direct observations and inferences in his foundational paper, he does not provide a very strong formal definition of nivation; the closest he comes to a basic definition is:
Truly salient attributes assigned to nivation by Matthes (1900) are the prerequisite of favourable topographic features for the formation of snow patches (p. 182), low-level power as an agent of landscape modification (p. 188, and elsewhere), no process continuum from nivation to glaciation (p. 183), a form continuum from nivation hollows to cirques (p. 184), and no specific claim for bedrock weathering by freeze-thaw mechanisms. As reconnaissance-level field observation, Matthes' work would be exemplary even today: as defining and/or hypothesis-testing fieldwork it simply does not match modern scientific standards (nor should it be expected to).
Fieldwork conducted in the 1970s by Hall (1975) and Thorn (Thorn, 1976; Thorn and Hall, 1980) appear to be the first occasions when Matthes' concept was subjected to detailed fieldwork focused upon process measurement. However, it is important to appreciate that by that time nivation had already become an entrenched and commonly invoked concept within periglacial geomorphology; the veracity of which was unquestioned and stemmed exclusively from Matthes' original publication. Indeed, Matthes' original version of nivation was commonly strengthened by the additional assignment of considerable bedrock weathering power through the freeze-thaw mechanism (e.g., see Hobbs (1910) for an early example), as well as a widespread invocation of nivation hollows as precursors of cirques (e.g., Hobbs, 1910; Flint, 1957) .
Results reported in Thorn and Hall (1980) were actually generated in two totally independent studies, one conducted in Arctic alpine Norway, the other in continental, alpine Colorado, USA. Results from the two studies indicated that the efficacy of freezethaw weathering at both locations was likely to depend upon the criteria selected to identify geomorphologically effective freeze-thaw cycles. The alpine sites experience more shallow cycles, but the Arctic site experienced a seasonal, winter freeze of greater amplitude. Both authors found the data from their respective sites to raise serious questions about the traditional freeze-thaw role assigned to seasonal snow patches. In both the alpine and Arctic locations evidence for snow patch-induced chemical weathering was apparent. The role of chemical weathering in nivation had originally been suggested by Lyubimov (1967) , but his Russian-language work failed to garner any attention in the West, and was later ignored even by his fellow countrymen. Both Hall (1975 Hall ( , 1985 and Thorn (1976) recognized the importance of late-lying snow patches as water sources for intensification of sheetwash and solifluction in a complex pattern largely determined by the interaction between retreating snow patch margins, ground thaw and vegetation cover.
Several Japanese workers have pursued investigations of nivation, although access to their work is sometimes only available through summary translations. Yamanaka (1979) found various forms of mass movement to be active in nivation hollows in the Iide Mountains of northeast Japan, but believed freeze-thaw weathering to be minimal. Work by Iwata (1980) in the high mountain area of Shirouma-dake in the Japanese Alps led him to emphasize the importance of slow mass movements and channel erosion in association with nivation. Iwata (1989) , summarizing earlier work, emphasized the great complexity of mass wasting patterns associated with nivation, found mass transfer rates by slow mass movement increased by as much as threefold in association with snow patches when compared with nearby surfaces without late-lying snow, and highlighted the significance of small-scale variations in surface type versus the more traditional claim of associating geomorphic effectiveness with climatic variability.
A brief note by Ballantyne (1978) merits specific mention. In it, Ballantyne highlights the role of snow patches overlying permafrost in raising the permafrost table to the surface beneath perennial snow patches. This has the effect of intercepting interflow and directing it through the upper layer of the snow patch, the lower layers being ice. As a result, mass wasting processes downslope of a snow patch are not driven primarily by snowmelt from the snow patch itself, but by redirected meltwaters from a much larger area. Nyberg (1986 Nyberg ( , 1991 conducted work on nivation in both southern and northern Sweden, although emphasis was upon northern Sweden. The research site in southern Sweden was deemed to be largely inactive under the present climatic regime. At an elevation of 1200 m in the Abisko Mountains of northwestern, Arctic Sweden Nyberg found freeze-thaw activity to be very limited. As a result of his work, Nyberg emphasized the slowness of landform development stemming from nivation and increased water availability, rather than increased frost action, as the dominant geomorphic agent within nivation.
In the 1990s two doctoral dissertations (Berrisford, 1992 and Christiansen, 1996a ) made the most significant contributions to knowledge of nivation; unfortunately, with the exception of Berrisford (1991) , the bulk of Berrisford's work remains unpublished. Berrisford's work was pursued in the Jotunheimen Mountains of central Norway, while Christiansen's work was conducted in Greenland, Iceland, Denmark and Northern Germany; although it is the work in the Zackenberg region of northeastern Greenland (Christiansen, 1998a, b) and Western Jutland, Denmark (Christiansen, 1996b) that is the most fully developed. Christiansen's (1998a) work in the high Arctic regime of northeastern Greenland provides some novel insights into nivation. This is because the Zackenberg region is cold (MAAT -9.8°C) and arid (annual precipitation 223 mm) with almost all precipitation falling as snow. The area is also low-lying and contains abundant unconsolidated sediments. Integration of all of the preceding factors creates an extremely useful 'natural laboratory' in which nivation is 'fuelled' by prevailing snow-bearing winds, winter wind speed, and the amount of precipitation falling as snow, and is primarily constrained by topography and lithology. Nivation processes are also underlain by permafrost, and control local vegetation patterns in this region.
At a more detailed level Christiansen (1998a) offers a number of specific suggestions. She suggests (Christiansen, 1998a, 752 ) that wintertime, snow-bearing wind directions orient the nivation regime more substantially than (topographic) aspect. The overwhelming dominance of precipitation by snowfall provides an unusually clear signal of nivation processes in Zackenberg when compared with the more complex precipitation regimes present in the alpine zones more frequently used for nivation studies. The clarity of some parts of the nivation process suite is further intensified in Zackenberg by presence of weak lithologies -this presumably accelerates the rates of geomorphic development. However, the presence of permafrost within these weak lithologies makes it an important input into the nivation development sequence.
Most of the morphological components found in and around the nivation hollows of Zackenberg are summarized in Figure 1 (Christiansen, 1998a : 759, figure 7), and cannot be fully discussed here. Erosion of nivation hollows progresses by retrogressive slope failure at the backwall of the hollows; a mechanism that is activated by the thinning active layer at the upslope margin of the snow patch directing interflow from the snowfree areas upslope to the surface. Christiansen (1998a) postulated, from first principles, that niveo-aeolian transport is favoured in the Zackenberg region, and went on to discuss the role of observed sedimentation patterns within nivation hollows. The role of niveo-aeolian and niveo-fluvial processes, and their potential role as paleo-indicators is further developed in Christiansen (1998b) . The pronival zone (Christiansen, 1998a ) is dominated by the interplay among sheetwash, small channels and solifluction according to a variety of factors downslope of the snowpatch, and pronival stone pavements occur within the inner parts of some snow patches.
In sum, Christiansen (1998a) found nivation to create a characteristic landform assemblage composed of a nivation hollow containing a perennial or seasonal snow patch, an associated zone of meltwater erosion channels and/or furrows downslope of the hollow and, sometimes, a depositional fan or accumulation basin downslope of the erosional zone under ideal conditions. However, the complete nivation assemblage may be truncated: for example, Christiansen found that steep slopes downslope of a snow patch preclude formation of secondary forms and nival sedimentation is indistinct; while the presence of bedrock slows erosion by nivation so much that distinct niches do not develop.
Undertaken in an arid low-lying environment, dominated by snowfall and underlain by weak materials infused by permafrost, Christiansen's (1998a) research in Zackenberg stands in contrast to alpine environments underlain by resistant materials, or alpine slopes mantled in till or colluvium that have provided the traditional venue for nivation studies. Consequently, it provides insight, but also lacks comparisons. The work is primarily morphological and sedimentological (or stratigraphic) and founded primarily upon visual observation rather than process measurement. The clarity of the nivation-derived signal clearly attests to the importance of water as a geomorphic agent, because although prevailing snow-bearing winds may orient the moisture source (late-lying snow), the geomorphic work is primarily water-driven, i.e., by snowmelt. Christiansen's emphasis on the channels, small valleys, and alluvial fans derived from snowpatch meltwaters accentuates the meltwater theme presented from other authors working in alpine areas (e.g., Iwata, 1980; Nyberg, 1986 Nyberg, , 1991 Thorn, 1988; Berrisford, 1992; Hall, 1998) ; undoubtedly, regional aridity and soft materials combine to sharpen this theme in Greenland.
The contemporary process work undertaken in Zackenberg serves Christiansen as an analogue for an investigation of the paleo-environmental situation in western Jutland (Christiansen, 1996b) . Essentially, the argument is that hollow position and orientation favour an explanation invoking snow patches as reservoirs permitting downslope development of shallow valleys during the Weichselian periglacial regime which was superimposed upon an older, Saalian glacial surface. If the Zackenberg analogue is accepted, the western Jutland landform assemblages make sense; nevertheless, the work, like all morphologic studies, is confronted by the issue of equifinality or convergence in the absence of any established single-process/single-form relationships.
One interesting issue arises from two statements in Christiansen's work, one pertaining to Zackenberg and the other to Jutland. In the Zackenberg context (Christiansen, 1998a: 752) prevailing snow-bearing winds are invoked as the dominant factor in orienting late-lying snow patches; while in the Jutland context Christiansen (1996b: 123) relates snow patch size to variation in pre-existing landscape forms. The two statements are not necessarily in direct conflict, but they do raise the issue of the orientation of snowfall delivery, versus the orientation of suitable accumulation sites. By analogy with Graf (1976) who discussed the role of cirques as locations for cirque glaciers, it is interesting, and important, to raise the issue of the relationship between late-lying snow patches and pre-existing topographic accumulation sites, plus the possible role of multiple occupation of nivation hollows by snow patches. Such issues reach critical proportions when discussing whether nivation is a minor or major modifier of landscapes.
Undoubtedly, the most extensive and systematic process study of nivation is that of Berrisford (1991 Berrisford ( , 1992 who used the insights and flaws of Thorn (1974) and Hall (1975) to undertake a comprehensive investigation of nivation using 16 snow patches in the Jotunheimen Mountains of Norway. A careful appraisal of the ground freeze-thaw regimes in both snow patch and control contexts led Berrisford to emphasize the role of the annual freeze in combination with the presence of increased moisture as the salient contributing factors to increased mechanical weathering associated with snow patches. Berrisford (1991) used the relationship between truncated weathering rinds and clast angularity to create a surrogate measure of mechanical weathering: he also clearly discussed the limitations of his assumptions. His technique strongly suggests that snow patches enhance mechanical weathering, and the specific patterns of intensification highlight the role of moisture availability. Berrisford also inferred that mechanical processes are, in fact, retarded beneath the perennial snow-ice core of larger snow patches. Berrisford (1992) found solifluction increased by a mean of four-fold between snow patches and adjacent control sites, and his granulometric data preclude variation in grain-size as a salient explanatory variable. Sediment trap data collected by Berrisford revealed sheetwash and rivulet flow to be the dominant surficial transport processes intensified by snow patches, but these processes exhibited extremely localized variations in sediment yield. Overall Berrisford found snow patch-associated transportation by solifluction to be one to two orders of magnitude larger than that by surficial processes. Chemical weathering was found to be clearly intensified by snow patches, with a pattern that emphasized the role of meltwater inputs and concentrations: rapid increases in dissolved solid concentrations within snow patch meltwaters led Berrisford to conclude that both chemical weathering and transport are enhanced at snow patches. Berrisford also suggested the potential for chemical weathering enhancement by virtue of interaction with increased exposure of fresh surfaces produced by mechanical weathering -a theme recently repeated (seemingly independently) by Hoch et al. (1999) . Berrisford (1992) summarized his findings by attempting to derive basic process-response models for seasonally late-lying and perennial snow patches in debris-mantled and bedrock backwall contexts. One of his salient findings was that the mechanical weathering regime is maximized by the combination of optimal moisture availability and strong seasonal freezing. Consequently, Berrisford believed perennial snow patches are protective. Spatially, this means that they tend to extend landform development at the downslope margin that melts seasonally and downslope of the snowpatch itself. This conclusion is supported more generally by Berrisford's strong emphasis on the role of meltwater in both weathering and transport. In the bedrock backwall context Berrisford placed emphasis on the role of the randkluft at the snow patch-bedrock interface. He also concluded that nivation is a slow landscape modifier in comparison with glaciation, but is a process worthy of much greater attention given its widespread nature compared with glaciation. Unlike Matthes, but in consonance with much of the later research, Berrisford suggested a blurred transition between nivation in large snow patches, versus glaciation in small glaciers. Thorn (1988) , Berrisford (1992) , and Christiansen (1998a) all try to culminate their research by redefining nivation in the light of their findings. Thorn (1988) suggests abandonment of the term, arguing that it reflects so many concepts and has accrued so much uncertainty that it is not functionally definable, and that its existence generates an aura of established knowledge that is misleading. Berrisford takes up the middle ground by suggesting the following definition:
The modification (intensification or reduction) of geomorphological activity (weathering, transport, and erosion processes) on land surfaces by a seasonally late-lying or perennial snow cover. (Berrisford, 1992: 440) He goes on to shorten this to:
The weathering and erosion of land surfaces associated with a seasonally late-lying or perennial snowcover. (Berrisford, 1992: 440) Such definitions embrace generalization and incorporate a potentially protective role for snowpatches (an important conceptual shift). Christiansen generalizes even more, offering the following definition:
However, the wide occurrence of snow and the associated nivation processes in periglacial landscapes call for a common concept, parallel to the concept of glaciation (Christiansen, 1996a) . Nivation should encompass the many individual forms, processes and sediments associated with and intensified by the presence and disappearance of snow and particularly by perennial and seasonal snowpatches (Christiansen, 1996b) . Defined in this way nivation spans large diversity, and is a process association, responsible for the geomorphologic development of large parts of past and present periglacial landscapes (Christiansen, 1996b) . (Christiansen, 1998a: 751) This definition embraces the view that a definition 'does not require a knowledge of individual rates of each single nivation process' (Christiansen, 1996b: 112) . Christiansen (personal communication, 2001 ) would also include avalanche activity within nivation.
In effect, Thorn states we know too little about too many diverse things to have a specific term, while Christiansen saves the term by abandoning the (original) concept. Depending upon whether such views are regarded as linear or circular, Thorn and Christiansen are either at opposite ends of the spectrum or very close to each other, being separated by a term rather than a concept. The fundamental question is to ask 'why do we have scientific terminology?'. The answer is that we have it as a form of shorthand that permits individual scientists within a group sharing common interests to communicate with each other clearly and quickly. Defined as suggested by Christiansen, nivation becomes the terminological equivalent of 'nival' and is even less specific than when originally coined by Matthes. Equally importantly, it fails to penetrate the research quagmire represented by the present uncertainty concerning the nature, absolute rates and relative rates of individual constituent weathering, erosional and depositional processes. Reducing nivation to a generalization equivalent to glaciation may rescue the word, but it does nothing to sharpen our grasp of the issues at hand.
The definitional issue is not trivial nor mere semantics, our field research is ultimately steered, knowingly or unknowingly, by our conceptual or theoretical expectations. A large portion of our expectations are embedded in terminological definitions, the sharpness of these definitions reflects the sharpness of our thinking; the sharper our thinking the greater our ability to extract information from what are clearly complex landscapes.
The present situation -a summary
Nivation is inherently a secondary process term encompassing primary components of weathering, transport and deposition. As such, it is subject to modification both by virtue of changes in the constituent primary concepts as well as in revision in the way the term nivation itself is defined. Modern research has produced important shifts in the way researchers investigating nivation view it at both the primary and secondary levels.
The transport component of nivation is not particularly contentious. Nivation researchers have not invoked any new primary transport processes. A broad view of geomorphology suggests that much landscape development is controlled by the relationship between available energy and surface resistance. In the specific case of nivation much of this relationship is captured by the notion of abundant moisture availability as the energy source, and variability in surface resistance being in the form of resistant rocks versus soft sediments, and within the latter category between vegetated and unvegetated surfaces. In some instances surface resistance is clearly defined by the absence or presence of permafrost. As nivation is founded exclusively on the presence of late-lying snow (except in the case of Christiansen's radical redefinition of the term) it is always a source of moisture; consequently, it is surface variability that modifies nivation transport most obviously. Resistant rocks weather slowly and produce little material, but soft sediments or colluvium are readily transported. In such contexts vegetated versus unvegetated surfaces provide a sharp contrast. It appears that a vegetation cover all but eliminates surficial transport and solifluction dominates. However, unvegetated surfaces may experience surface wash, even channelized flow in particularly large-scale instances. Using well-accepted periglacial processes, nivation researchers are simply confronted by determination of complex spatial and temporal transport process mixes and their potential significance for landscape development. The variable proportionality of the transport mixes reported in the literature should not be considered particularly problematical. It is almost certain that the process mix varies temporally at a place through the melt season and from season to season; it is also probable that the mix varies spatially at any one time, both within individual sites and from site to site.
The weathering component of nivation is infinitely more contentious than its transport counterpart. This is because primary mechanisms are in question and nivation researchers have contributed to primary research in several instances. The most apparent weathering question centres upon the mechanisms of mechanical weathering to be found in periglacial regions. This topic is taken up at a fundamental level in Hall et al. (2002, this issue) . One quintessential theme in periglacial geomorphology, to which nivation researchers have contributed, is freeze-thaw weathering. Revelation of actual field conditions in and around late-lying snowpatches has thrown light on a context in which widespread freeze-thaw weathering historically has been invoked. Field data have frequently been found to be at odds with conditions assumed by those relying exclusively on air data, or indeed no data; and field findings have also provided serious challenges to those trying to mimic nature in the laboratory. In general, data from nivation researchers have tended to shift emphasis away from shortterm cycles and towards seasonal freezing, while simultaneously placing much greater emphasis upon moisture availability.
Increasing emphasis upon moisture availability and its role, as well as upon ground, rather than air, temperatures has also led nivation researchers to place increasing emphasis upon chemical weathering (see Hall et al., 2002, this issue) . It is now abundantly clear that chemical weathering is an important contributor to periglacial weathering. This is not the same as saying that periglacial chemical weathering rates are as high as tropical rates, the statement is a relative, not absolute, one.
Landform development associated with nivation processes has also come under scrutiny, and several interesting ideas have emerged. For example, Berrisford (1992) emphasized development of nivation hollows by extension downslope of existing snow patches, while Christiansen (1998a) emphasized headward expansion upslope. Berrisford's work is in a region of resistant rocks with debris-mantled slopes, Christiansen's work is in a region of poorly consolidated materials infused with permafrost. Both ideas may well be correct, and there is certainly no reason to see them as necessarily conflicting. Another extremely interesting possibility has been posited by Rapp (e.g., 1983 Rapp (e.g., , 1984 ; his context is that of the increasing conviction of Scandinavian geomorphologists that much of Scandinavia experienced a regional cold-based ice cover that was essentially protective. Under these circumstances Rapp has raised the idea that interglacial periods of active nivation may, in fact, be the primary erosional and land-forming phases in regions where cold-based ice predominates.
Researchers of nivation are now proposing modification of its definition. For example, suggestions that perennial snow patches are protective and also that there is no sharp break between nival and glacial processes represent profound conceptual shifts, even if they are not yet fully articulated operationally. The rethinking of the relationship between freeze-thaw weathering and late-lying snow is long overdue, but is not yet well defined. It is quite clear that nivation is now being scrutinized in the light of a sound field data base and no longer being presented as a well-understood landforming agent of unquestionable power -a situation which had developed, but was far from Matthes' carefully constrained initial presentation of the concept.
III Cryoplanation
A short history
The term cryoplanation was introduced by Bryan (1946) in a paper that was centred upon conceptual clarification embracing etymological niceties: some suggestions fared well, e.g., cryoplanation; some, e.g., congeliturbation, faired poorly. Recognizable versions of the 'cryoplanation' concept may be traced back to Cairnes (1912a, b) and Eakin (1916) . Cairnes promoted the concept of 'equiplanation', 'all physiographic processes which tend to reduce the relief of a region and so cause the topography eventually to become more and more plain-like in contour, without involving any loss or gain of material' (Cairnes, 1912a: 76) . Cairnes presented equiplanation as a descriptive term that is azonal; he then highlighted (Cairnes, 1912a: 78 ) the infilling of bedrock hollows with debris that is quickly frozen in parts of the Yukon and Alaska as one illustration. Subsequently, he identified equiplanation as particularly important in semi-arid and arid regions, as well as pointing out that Matthes' (1900) nivation concept appears to embrace equiplanation tendencies (Cairnes, 1912a: 82) . Eakins (1916: 77) introduced the terms 'altiplanation terrace' and 'solifluction slope' as readily identifiable landforms ensuing from a broad mix of mass wasting processes present in Alaska. His description of altiplanation terraces (Eakin, 1916: 77-82 ) incorporated distinctive breaks of slope at the inner edge of the terrace, gradational surface debris characteristics from inner to outer terrace, and an outer edge break in slope. In short, Eakin described a cryoplanation terrace as commonly understood, emphasizing the role of solifluction, but only comments en passant (Eakin, 1916 : 82) on the weathering regime producing the associated scarps. Bryan recognized Eakin's idea, but dismissed his work summarily from further discussion because it is 'confused' (Bryan, 1946: 638) . Bryan (1946: 639) introduced 'cryoplanation' as a climatic accident, or deviation from, Davis' normal Cycle of Erosion (i.e., peneplanation). The formal definition (Bryan, 1946: 640) is: 'cryoplanation = land reduction by the process of intensive frost-action, i.e., congeliturbation including solifluction and accompanying processes of translation of congelifracts. Includes the work of rivers and streams in transporting materials delivered by the above processes'. Bryan failed to cite Matthes in his 1946 paper: consequently, nivation per se is not invoked as a constituent part of cryoplanation. By way of summation, using terms with their generally accepted meaning: conceptually altiplanation is identical with cryoplanation, but equiplanation is a generic descriptive term of which altiplanation/cryoplanation is a specific genetic example.
A high proportion of the ensuing work on cryoplanation has been pursued by Czech, Hungarian, Polish and Russian researchers, their work, published in their mother tongues, is unavailable to us because of our linguistic limitations. Of the work published in English by these groups the comprehensive monograph by Demek (1969) is the benchmark. A more recent summary and review by Czudek (1995) , while cautionary and thoughtful, brings little new data to the debate. The title of Demek's monograph is a faithful reflection of its contents 'Cryoplanation terraces, their geographical distribution, genesis and development'. Demek presented a largely descriptive view of cryoplanation, albeit based on enormous personal experience. Cryoplanation terraces are initiated by nivation, involving either headward incision of transverse (Lewis, 1939) snow patches or coalescence of small circular snow patches. Terrace expansion is dependent upon the weathering component of nivation (the additional invocation of frost action appears superfluous) causing retreat of the inner scarp, mass transport on the developing terrace surface is seen as dependent on the entire welter of periglacial mass wasting processes in site-specific proportions. Terraces are not bedrock and/or structurally dependent, but may well be steered by local bedrock and/or structural patterns (e.g., see also Czudek, 1995) . For example, some rock types resist erosion and, consequently, may exhibit small and/or infrequent terraces, and, while all cryoplanation terraces are erosional and may cut across rock boundaries, variations in structure may play a role in terrace initiation and/or shaping of terraces. The relationship between terraces and past geomorphological history appears to vary, terraces are particularly abundant in regions that appear to have experienced particularly lengthy post-glacial histories (Czudek, 1995) , but may also appear in topographic positions that clearly exhibit post-glacial development by crosscutting relationships.
Four obvious questions emerge from Demek's monograph with respect to the present focus: (1) is there an independent cryoplanation process subsequent to initiation by nivation? (2) what are the genetic and morphological differences between cryoplanation terraces (or benches) and pediments? (3) what is the rate of development of cryoplanation terraces and pediments? (4) what is the age of cryoplanation terraces and pediments? The answer to the first question appears to be 'no'; the answers to the last three questions are simply unknown.
Despite a steady trickle of papers on cryoplanation very little, if any, progress has been made in either the conceptual framework or the production of long-overdue field measurement of processes. Reger and Péwé (1976) clearly invoked nivation as the driving force throughout the development of cryoplanation terraces. A thoughtful review by Priesnitz (1988) deftly highlighted several of the most pressing issues; while a paper by Nelson (1989) attempted to demarcate the mesoclimatic or regional climatic elements that constrain cryoplanation terrace development. A particularly intriguing comment by Priesnitz (1988: 64) is his suggestion that a periglacial landscape evolves through time and that cryoplanation terraces are indicative of a 'mature' periglacial landscape, this concept constrains cryoplanation terraces temporally as well as climatically. A similarly novel suggestion is the one by Nelson (1989: 39-40) that not only are terraces constrained by snowline, but also that they are, in fact, the periglacial equivalent of a cirque glacier, i.e., Nelson suggested that terraces are about an order of magnitude smaller than cirques and form by a different set of processes to cirques, occurring where cirque glaciation is precluded by inadequate snow accumulation to generate a glacier. Hall (1997) has addressed 'cryoplanation' in what appears to be a presently active environment in Antarctica. The relatively small-scale terraces he examined were developing in bedrock in an apparently paraglacial context. Detailed field inspection, and air and ground temperatures from the immediate locality, provided Hall with an opportunity to assess terrace development with respect to individual weathering processes, e.g., dilation cracking, freeze-thaw and thermal contraction. While no definitive assessment of the relative importance of individual weathering could be made, integration of weathering observations, terrace size and terrace orientation provide the most comprehensive scrutiny of apparently active 'cryoplanation' yet. Hall's observations led him to examine prevailing concepts and terminology closely (Hall, 1998) . He questioned the separate identity of nivation and cryoplanation, pointing out that nivation is, in fact, the only process suite actually invoked in both nivation and cryoplanation landforms. Nevertheless, nivation is a concept embracing multiple weathering and transport processes, consequently, Hall invoked variable contributions from the suite of individual weathering and transport processes -with variations stemming from position along the dry-wet spectrum. He suggested that the literature appears to invoke nivation in wet contexts and cryoplanation in dry ones. As he pointed out, morphology alone does not preclude the possibility that any individual landform has occupied different positions on the dry-wet spectrum during its development. Overall the rate of development would be expected to correlate positively with increasing moisture availability.
The present situation -a summary
Cryoplanation as introduced and defined by Bryant can only exist if the researcher accepts a Davisian model of landscape development. However, the term is clearly presently used by many researchers in a truncated fashion to describe two types of landform believed to be found widely in periglacial regions, namely: cryoplanation terraces and pediments. Both terms are morphogenetic, i.e., they purport to describe both form and genesis. However, the only genetic elements invoked are the weathering components of nivation as the initial erosional driving force at the headwall or scarp, and commonplace periglacial mass wasting processes on the surface of the tread. In the case of pediments fluvial processes are also invoked along the downslope margin, but no atypical fluvial requirement is invoked.
The present weathering component in the nivation/cryoplanation mix appears to be a classic invitation to wield Occam's Razor. In the absence of any evidence whatsoever to the contrary the first approximation should be to assume that nivation hollows and benches, and cryoplanation terraces and pediments are erosionally driven at all times (not just initially) by nivation as broadly re-conceptualized in the preceding section. Variation in developed form is not difficult to accommodate, at least conceptually. Presumably, pre-nivation form does much to control the form of nivated landforms. A further control is likely to be the shape of the moisture supply source: by analogy with solifluction a point source is likely to produce a circular (lobate) form, and a linear moisture source will produce a bench (terrace) form. While solifluction is a transport phenomenon and the portion of nivation under discussion is erosional, there is nothing inherent in this contrast to counter the suggested form relationship, despite the fact that solifluction forms with a point source are convex downslope while erosional forms from a point source are convex upslope. Given a single erosional mechanism with variable form explained, the transport elements may be addressed.
Despite a dearth of mass wasting data actually generated upon the treads of cryoplanation terraces the need to move debris across a gently sloping surface in a periglacial context provides no substantive conceptual difficulty. Any number of instances in the literature, including the comprehensive reviews of Washburn (1980) and French (1996) , clearly indicate that mass transport on low gradients by solifluction and commonly associated processes occurs widely. The presence of patterned ground on the surface of cryoplanation bench treads and on pediments has often been raised as a potential indicator of contemporary inactivity. This may or may not be true: very slow transport would not preclude patterned ground forms, although it may elongate them (a trait easily accommodated conceptually by comparison of the elongation of stony earth circles to stripes on a steep slope). However, other ideas of pediment development (see Twidale, 1983, below) , may not even necessitate such adjustment. With respect to pediments specifically, invocation of fluvial removal at the base of the pediment is noncontroversial with respect to the fluvial mechanisms per se. However, it does raise the issue of the relative rates of headward incision versus trimming at the downslope margin, and it also raises the issue of overall speed of development. Do cryopediments evolve more rapidly than cryoplanation terraces because fluvial removal accelerates throughput?
While transport by periglacial mass wasting across individual cryoplanation terraces or benches appears feasible, the transport of debris across or from sequences or sets of terraces and/or benches is much more problematic. The problem introduced by considering a sequence is the need to move ever-increasing amounts of material across features in the lower portions of slopes or hillsides. Such an issue must arise as the upper features can only transport material to forms developed downslope. Tentative proposals (e.g., Reger and Péwé, 1976 ) that infer that debris from cryoplanation terraces may be shed laterally do not provide a convincing, potentially universal, explanation of the disposal of transported debris. A potentially universal explanation must presume that the bulk of the debris travels directly downslope. If large, and/or numerous, cryoplanation surfaces are invoked by researchers, as is often the case, then the debris issue must be confronted at a substantial scale; perhaps, as a first approximation, in the same fashion as a glacial geomorphologist would view the relationship between glacial erosion and moraine deposition. At a conceptual level, the only potential explanations that would appear to sidestep the presence of large quantities of debris somewhere in the adjacent landscape would be to invoke enormous time spans for formation (thereby permitting very slow removal) or to envisage removal by chemical solution. All other mechanisms must surely encompass recognition of large debris accumulations spatially distributed in accordance to gravitational forces; unless intervention by some completely unrecorded geomorphic regime is invoked. The possibility of the role of dramatically different geomorphic regimes is raised by the conflict between those that see permafrost as essential for cryoplanation (e.g., Reger and Péwé, 1976) , versus those that do not (e.g., Demek, 1969; Czudek, 1995) . However, it is difficult to see how permafrost changes the nature, as opposed to the rate, of periglacial mass wasting.
Cryopediments, as opposed to terraces or benches, must be viewed, at the most fundamental level, in the context of the pediment literature: French and Harry (1992) provide an insightful discussion of cryopediments as pediments and the associated conceptual difficulties. They, of course, are so large that they simply cannot be addressed comprehensively here. It is important to note that the pediment literature is primarily a hot desert literature, but this provides no serious obstacle in itself. First, and foremost, the emphasis is upon the notion of 'desert' -i.e., locations where absolute and relative moisture availability is of paramount importance. Certainly, many colder periglacial environments are also clearly deserts, albeit cold ones. It seems likely then that the central issues in cryoplanation pediments fall primarily into the domain of deserts and only secondarily into the periglacial domain. Twidale (1983) provided a particularly incisive contextual summary of pedimentation. He subdivided pediments (Twidale, 1983: 13-17) into the mantled and rock pediments of crystalline outcrops versus the covered pediments of sedimentary regions. Mantled pediments are fragile and transitory and characterized by veneers that are weathered in situ. Rock pediments are stable forms often viewed as the product of scarp recession, but Twidale noted that there is compelling evidence to view many of the scarps as stable and the product of major fracture zones. Covered pediments carry a veneer of clasts delivered from the abutting uplands that simultaneously erode the underlying bedrock and deposit the mantle of debris. Twidale (1983: 15) stated that such forms are azonal and exist whenever weak rocks that are adjacent to uplands (a source of resistant clasts) are subject to a climatic regime experiencing large variations in discharge. He specifically identified springtime snowmelt as one such example. It is quite clear that cryoplanation pediments are readily embraced within Twidale's remarks. An important attribute of such a context is that Twidale only invoked modest erosion of back scarps, such a claim is particularly relevant because nivation is often only seen as a modest modifier of the landscape, yet large cryoplanation pediments and surfaces seem to necessitate extensive erosion and scarp retreat.
IV Conclusions
Research of nivation is presently in a significantly healthier posture than at any time since Matthes coined the term: the same cannot be said for cryoplanation. The explanation for the dichotomy is two sides of the same coin, nivation has come under scrutiny, while cryoplanation has not. Scrutiny of nivation has come in the form of direct field measurement of many constituent processes, as well as by expansion of fieldwork into different geomorphic contexts.
Process investigations of nivation must continue to focus upon weathering. The failure of periglacial geomorphologists to determine well-founded general models of mechanical weathering, and generally to continue to ignore chemical weathering, are critical flaws in the subdiscipline at large. Given the pervasive role of snow-derived moisture in periglacial geomorphology, this problem cannot fail to be critical to nivation as well. Once the nature of periglacial weathering processes is determined, it will be critical to make attempts to determine their rates, and the spatial and temporal variability thereof.
Transport processes associated with nivation have never amounted to more than invocation of intensification of widespread periglacial processes. Refinement has occurred as workers have monitored such processes. In general, there has been increasing emphasis on the role of running water in the absence of vegetation: matched by identification of the minimal impact of surficial water in the presence of a vegetation mat. In situations where soft materials form the surface, aeolian processes appear to be more significant than in the more traditional alpine zones of study.
The addition of low-lying, arid periglacial environments underlain by weakly resistant materials to nivation studies has provided a new slant on the topic. A sharper signal emerges because water drives most surficial processes, and late-lying snow (nivation) provides the dominant water source; plus nonresistant materials permit rapid landform and landscape development. This work has also added a depositional record to this particular context. The critical question at this juncture is what does this simple, clean signal tell us about other nivation contexts? Ultimately, a sound answer will depend upon appropriate field measurement programmes in both contexts.
Virtually all recent researchers of nivation have emphasized the pervasive role of snowpack-driven geomorphology. Much of this extends beyond the traditional role assigned to nivation per se. However, if valid, this viewpoint raises important topics meriting immediate attention. One theme is clearly orientation of the geomorphic development of a landscape. Such development will be a product of the orientation of prevailing, snow-bearing winds interacting with pre-existing accumulation sites. In short, initiating contexts for nivation need investigation.
While process studies are essential to determine the nature of nivation, the scalelinkage difficulties that pervade all process studies mean that direct upward scaling to assess contemporary landforms will be difficult, probably impossible. In very specific contexts, such as Zackenberg, the depositional record provides some opportunity to assess landform development directly. This will require not only knowledge of sedimentation rates, but volumetric estimates as well. In most locations where resistant materials are present erosion rates will be too slow and depositional signal too complex to permit direct measurement. In these instances, once the nature of constituent processes is known, numerical modelling including sensitivity analysis of rates affords an appealing avenue of advancement.
At the landform scale, initiation and development rates are critical issues in assessing the relative importance of nivation, and/or the seasonal and perennial snowpack more generally, in landscape development. If glacial geomorphologists embrace the notion of the occurrence of both protective cold-based ice and erosive warm-based ice, then there will inevitably be fundamental reconsideration of the history of many glaciated landscapes. Snow-related geomorphology, however termed, will have to be considered in the developmental mix.
Precedence has been given to nivation over cryoplanation in this discussion because those using the cryoplanation concept have overwhelmingly invoked nivation as their causal agent. To deny the fairly widespread existence of features commonly called cryoplanation benches, terraces, and pediments would be foolish: to claim that there is anything approaching an adequate explanation of their origin(s) would be even more foolish. If nivation is a secondary concept, then cryoplanation is a tertiary one. There is little to say about cryoplanation other than the concept needs to be challenged directly. What distinguishes cryoplanation from nivation? Are cryoplanation benches, terraces and pediments merely form variants, or is there a fundamental genetic difference between them? If the latter is the case how are they embraced by a single genetic concept? There are abundant, nearly flat surfaces in periglacial landscape, snow commonly accumulates at breaks in slope: can cryoplanation take these two realities and offer us a viable explanation of some portion of landscape development? Hall (1997 Hall ( , 1998 represents the beginning of such a challenge, but very much more is required.
Finally, some thoughts on the definitional conflict emergent among present-day students of nivation. Our terminology, as the artifact of our theory, is hierarchical. Pushing nivation as a term up the hierarchy (i.e., generalizing it) does nothing to address the concept(s) it purportedly embraces. As redefined by Christiansen, nivation essentially becomes a synonym for nival, that is it encompasses no new concept. Conversely, we are still left with the question 'what are the impacts of late-lying snowpacks?'. Without the term nivation we still have the impacts, but we do not have a collective term. The intellectual question is obviously 'are the impacts of late-lying snow sufficiently consistent to constitute and merit a definable term?'. A positive answer would seem to require at least clear identification of the nature of the constituent processes; a more stringent approach might also require specification of their rates (at least this is implied by the original use of the notion of intensification). For now the debate itself is a success, it reflects the presence of the scrutiny called for in our title. As for the 'integration' in our title, it is clearly a challenge to students of cryoplanation to scrutinize their concept and validate its independent existence.
